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$ YDULHW\ RI DFWLYH WHFKQLTXHV LQFOXGLQJ PHFKDQLFDO DLGV VWLUULQJ VXUIDFH VFUDSLQJ DQG URWDWLQJ VXUIDFHV
VXUIDFHYLEUDWLRQIOXLGYLEUDWLRQHOHFWURVWDWLFHOHFWULFDQGPDJQHWLFILHOGVLQMHFWLRQVXFWLRQDQGMHWLPSLQJHPHQW
KDYH EHHQ LQYHVWLJDWHG LQ WKH OLWHUDWXUH E\ *ROGVWHLQ >@ $V LQGLFDWHG HDUOLHU DOO RI WKHVH PHWKRGV DQG GHYLFHV
UHTXLUH WKH LQSXW RI H[WHUQDO SRZHU WR SURPRWH WKH GHVLUHG HQKDQFHPHQW ZKLFK VKRXOG EH DFFRXQWHG IRU
DSSURSULDWHO\ZKHQHYDOXDWLQJWKHLPSURYHGWKHUPDO±K\GUDXOLFSHUIRUPDQFH
-HWLPSLQJHPHQWWHFKQLTXHVKDYHJDLQHGFRQVLGHUDEOHUHFHQWLQWHUHVWSDUWLFXODUO\IRUWKHLUVLJQLILFDQWSRWHQWLDO
LQPLFURHOHFWURQLF FRROLQJ0(06DQGRWKHUPLFUR VFDOHGHYLFHVJDVWXUELQHEODGHFRROLQJ DQGPDQXIDFWXULQJ
GU\LQJ KHDW WUHDWLQJ DQG TXHQFKLQJ DSSOLFDWLRQV 7KHVH DSSOLFDWLRQV LQYROYH ERWK VLQJOHSKDVH DQG ERLOLQJ KHDW
WUDQVIHUDQGMHWLPSLQJHPHQWWHFKQLTXHVKDYHEHHQIRXQGWRHQKDQFHWKHKHDWWUDQVIHUFRQVLGHUDEO\
-HW LPSLQJHPHQW FRROLQJ LV DQ HQKDQFHG KHDW WUDQVIHUPHWKRG FDSDEOH RI FRROLQJ D FRPEXVWRU OLQHUZLWKRXW
LQMHFWLQJFRRODLUGLUHFWO\ LQWR WKHFRPEXVWLRQFKDPEHU&RROLQJ WKH OLQHU IURP WKHEDFNVLGHHQDEOHVHQJLQHHUV WR
GLVVLSDWH WKH KHDW ORDG DQG PDLQWDLQ PRUH XQLIRUP WHPSHUDWXUHV LQ WKH FRPEXVWLRQ UHJLRQ QHHGHG IRU HIILFLHQW
FRPEXVWLRQ 7KH VWULQJHQW DYLDWLRQ UHTXLUHPHQWV KDYHPDGH HQJLQH GHYHORSHUV WR FRQFHQWUDWHPRUH RQ HIIHFWLYH
FRROLQJZLWKRXWFRPSURPLVLQJHIILFLHQF\
&RPSRXQG WHFKQLTXHVRIIHU DZD\ WR IXUWKHU HOHYDWHKHDW WUDQVIHU FRHIILFLHQWV DQG WKLV DUHDRI HQKDQFHPHQW
WHFKQRORJ\KROGVPXFKSURPLVHIRUIXWXUHGHYHORSPHQW,QGLFDWLRQVRIWKHLUHPHUJLQJGHYHORSPHQWDQGJURZWKDUH






PHQWLRQHG H[SHULPHQWV 7KH GLIIHUHQFH EHWZHHQ WKH 1XVVHOW QXPEHU YDULDWLRQV ZHUH DWWULEXWHG WR PHDVXUHPHQW
WHFKQLTXHV LQYROYHG7KHYDULDWLRQV LQ WKHYDOXHVZHUHVDLG WREHZLWKLQXQFHUWDLQW\ OLPLWV6DJRW >@ LQYHVWLJDWHG
H[SHULPHQWDOO\ WKHHIIHFWVRID[LV\PPHWULF ODWKHZRUNHGJURRYHVRQWKHLPSLQJLQJMHWWRZDOOKHDW WUDQVIHUXQGHU
FRQVWDQWZDOOWHPSHUDWXUHFRQGLWLRQV7KH\REWDLQHGVLJQLILFDQWKHDWWUDQVIHUHQKDQFHPHQWVXSWRDVFRPSDUHG
ZLWK WKH VPRRWK SODWH UHIHUHQFH FDVH 6TXDUH JURRYHV KDYH EHHQ IRXQG WR EH PRUH HIILFLHQW IRU KHDW WUDQVIHU
LQWHQVLILFDWLRQWKDQWKRVHZLWKDWULDQJXODUSURILOH
 7KHSK\VLFVRILPSLQJLQJMHWKHDWWUDQVIHU
$Q LPSLQJLQJ MHW FRPSULVHVRI D MHWSODWHZLWKDQRULILFHRUQR]]OHZKLFKSURGXFHV WKH MHW7KH MHWV VWULNH WKH
VXUIDFHWREHFRROHGUHIHUUHGWRDVWKHWDUJHWSODWH7UDGLWLRQDOO\WKHVWUXFWXUHRIDQLPSLQJLQJMHWLVEURNHQGRZQ
LQWR WKUHH SDUWV WKH SRWHQWLDO FRUH IUHH MHW DQG WKH ZDOO MHW )LJ  VKRZV WKH LPSLQJLQJ MHW VWUXFWXUH DQG WKH
DVVRFLDWHGUHJLRQV
)LJ,PSLQJLQJMHWVWUXFWXUHDQGLWVUHJLRQV
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$W WKH GLVFKDUJH RI WKH MHW SODWH WKH YHORFLW\ SURILOH RI WKH MHW LV UHODWLYHO\ XQLIRUP$V WKH MHW GLVFKDUJHV
YLVFRXVIRUFHVDFWLQJLQWKHVKHDUOD\HUFDXVHWKHMHWYHORFLW\SURILOHWRGHYHORSDQGH[SDQG7KHSRWHQWLDOFRUHRIWKH
MHW LV GHILQHG DV WKH UHJLRQZKHUH WKHYLVFRXV IRUFHVKDYH OLWWOH RU QR HIIHFW RQ WKHYHORFLW\ SURILOH2QFH WKH MHW
VWULNHVWKHWDUJHWSODWHWKHZDOOMHWLVIRUPHGDVWKHIOXLGWUDYHOVDORQJWKHZDOO$JDLQYLVFRXVIRUFHVDFWRQWKHIOXLG
GHFUHDVLQJWKHSHDNYHORFLW\DQGFDXVLQJWKHZDOOMHWWRWKLFNHQDVLWPRYHVDZD\IURPWKHVWDJQDWLRQSRLQW
6LQFH PRVW H[SHULPHQWV DUH FRQGXFWHG DW FRQGLWLRQV VXLWDEOH IRU DFFXUDWH WHVWLQJ DQG QRW DFWXDO HQJLQH
FRQGLWLRQV GLPHQVLRQOHVV SDUDPHWHUV PXVW EH XVHG WR VFDOH UHVXOWV ,PSLQJLQJ MHWV DUH FKDUDFWHUL]HG E\ WKH MHW
5H\QROGVZKLOHWKHKHDWWUDQVIHULVFKDUDFWHUL]HGE\WKH1XVVHOWQXPEHU7KHMHWIORZ5H\QROGVQXPEHULVGHILQHG
DV5H ȡYGZKHUHµȡ¶LVGHQVLW\RIDLUµY¶LVWKHPHDQMHWYHORFLW\DWWKHGLVFKDUJHGLVWKHMHWKROHGLDPHWHU
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 *ULGLQGHSHQGHQWVWXG\
7KH FKRLFH RI JULG OD\RXWV DQG GHQVLW\ LQ WKH VLPXODWLRQ GRPDLQ LV D YHU\ LPSRUWDQW DVSHFW LQ QXPHULFDO
VLPXODWLRQV *HQHUDOO\ LQ WKH UHJLRQV ZKHUH WKH YHORFLW\ RU WHPSHUDWXUH JUDGLHQWV DUH ODUJH WKH JULG GHQVLW\ LV
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7KH DVVHVVPHQW RI WXUEXOHQFH PRGHOV PXVW EH PDGH EHIRUH WKH DQDO\VLV EHFDXVH WKH UHVROYLQJ SRZHU RI
WXUEXOHQFHPRGHOVGHSHQGVRQLWVWUDQVSRUWHTXDWLRQVZKLFKDUHEHLQJVROYHG,QLWLDOO\WKHDQDO\VLVLVGRQHIRUWZR
HTXDWLRQ VWDQGDUG NHSVLORQ PRGHO VLQFH LW SURGXFHV HUURQHRXV UHVXOWV LQ WKH VWDJQDWLRQ UHJLRQ GXH WR WKH RYHU
SURGXFWLRQ RI WXUEXOHQW NLQHWLF HQHUJ\ZKLFK FDQ EH VHHQ LQ )LJ 1H[W WKH 51* NHSVLORQPRGHO LV XVHG IRU
DQDO\VLVDQGLWSUHGLFWVIORZSURSHUWLHVEHWWHUWKDQSUHYLRXVVWDQGDUGNHSVLORQPRGHOZKLFKLVDOVRVHHQLQ)LJ
)LQDOO\667NRPHJD LVXVHG IRUDQDO\VLVDQG LW DFFXUDWHO\SUHGLFWV WKH IORZSURSHUWLHV LH WKHSURGXFWLRQRI
WXUEXOHQW NLQHWLF HQHUJ\ LQ WKH VWDJQDWLRQ UHJLRQ LV UHVROYHG DFFXUDWHO\ RYHU SUHGLFWLRQ LV DYRLGHG DQG WKH








IDU WKH SUHGLFWLRQV DUHPDWFKLQJ WKH H[SHULPHQWDO UHVXOWV DQG WKLV SURFHVV LV FDOOHG YDOLGDWLRQ RI WKH VROYHU7KLV
SURFHVVRIYDOLGDWLRQLVVLPXOWDQHRXVO\GRQHZLWKWKHJULGLQGHSHQGHQWVWXG\DQGDVVHVVPHQWRIWXUEXOHQFHPRGHOV
6LQFHWKHDVVHVVPHQWVKRZVWKDW667NRPHJDPRGHOLVSHUIRUPLQJEHWWHUWKDQRWKHUPRGHOVWKHDQDO\VLVGRQHZLWK







7KHYDOLGDWLRQRI WKHVROYHUVKRZV WKDW$16<6)/8(17LVFDSDEOHRIVROYLQJ WKHMHW LPSLQJHPHQWSUREOHP
ZHOO DQG SURYLGHV VROXWLRQV WR PHHW WKH H[SHULPHQWDO RQHV 6LQFH WKH FULWLFDO SUREOHP RI IODW SODWH +G  LV
YDOLGDWHGDJDLQVWWKHH[SHULPHQWDOGDWDLWLVDGYLVDEOHWRXVHWKHVDPHWXUEXOHQFHPRGHODQGPRGHUDWHJULGIRUWKH
FDVHRI+G 







7KH DQDO\VLV RI MHW LPSLQJHPHQW KHDW WUDQVIHU IURP WKH JURRYHG SODWH LV GLVFXVVHG LQ WKLV VHFWLRQ 7KH
WHPSHUDWXUHFRQWRXUIURP)LJVKRZVWKDWWRSVLGHDQGXSVWUHDPVLGHRIWKHVROLGSDUW LQWKHJURRYHVDUHFRROHG




7KHZLGWKWRGHSWKUDWLR LVEF LW LVYDULHGE\NHHSLQJWKHZLGWKDVFRQVWDQWDQGGHSWKDVYDU\LQJSDUDPHWHU
7KHDQDO\VLV LVFDUULHGRXW IRUYDULRXVZLGWK WRGHSWKUDWLRVVXFKDVEF )RUEF 	 WKH WRSZDOO
1XVVHOW1XPEHU LVDOPRVW WKHVDPHDVVROLGSODWH)URP)LJD WKH WRSZDOOQHDU WKHGRZQVWUHDPVLGHRI WKH
JURRYHKDVKLJKHU1XVVHOWQXPEHUDVWKHKHDWLVUHPRYHGDZD\E\WKHGRZQVWUHDPDLU7KLVDOVRGHFUHDVHVDORQJWKH
GRZQVWUHDPVLGHEHFDXVH WKH DLU JHWVKHDWHGXSDV LWPRYHVRYHU WKHKHDWHGSODWH7KH IORZEDVHGRQ VWUHDPOLQH
YLVXDOL]DWLRQLVVKRZQLQWKH)LJDVIROORZLQJ
7KH DYHUDJH1XVVHOW QXPEHU IRU YDULRXV EF UDWLRV DUH SUHVHQWHG DV D KLVWRJUDP LQ WKH )LJ  7KLV FOHDUO\
VKRZVWKDWWKHUHLVOHVVHUKHDWWUDQVIHUZKHQJURRYHVDUHIRUPHGZKLFKLVGXHWRWKHUHFLUFXODWLRQEXEEOHVWKDWUHWDLQ
WKHKHDWZLWKLQWKHPDVVKRZQLQ)LJ
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 &RQFOXVLRQ















WKHQXPHULFDO VWXG\7KHFRQVWUXFWLYHFRPPHQWV IURPUHYLHZHUV LQ LPSURYLQJ WKHPDQXVFULSW WRSUHVHQW IRUPDUH
JUHDWO\DFNQRZOHGJHG
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